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Abstract 
The transition from a product–oriented business towards a PSS-oriented business, known in the scientific literature as 
‘servitization’ involves complex changes for decision-makers. Over the past years, the scientific literature has provided 
consistent advances in PSS decision-support systems including PSS modelling. However, concerning PSS modelling languages 
or formalisms, most initiatives remain context dependent; to date only a small a piece of literature addresses the need for 
reproducibility of PSS modelling methods. The objective of this paper is to make a first step forward in this direction, by 
proposing an iterative procedure dedicated to build generic meta-models and by applying it to generate a first proposal of PSS 
meta-model, expected to be re-usable in several distinct modelling and decision-making contexts. 
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1. Introduction 
During the last decade, the manufacturing industry has 
undergone a paradigm shift through the development and 
spread of the concepts of servitization and Product-Service-
Systems (PSS). From an industrial point of view, the 
transition towards PSS has to be managed as a change of 
business model. PSS are implemented as an innovative 
strategy, shifting the focus from developing and selling 
physical products, to developing and selling the use of a 
system of products and services capable of easily adapting to 
personalized customer demands. Coupling or even 
integrating, industrial production and service delivery poses 
many innovative challenges for the manufacturing industry at 
the technological, organizational or human levels. 
This transformation of Business Models generates strong 
needs for tools to handle the variety of issues underpinning 
decision-making processes for enterprise change 
management, offer engineering, configuration of multi-actor 
value creation networks or operational management of PSS. 
All these needs oriented towards PSS decision-making induce 
a strong subsequent need of developing and using PSS-
oriented models and modelling formalisms covering several 
complementary dimensions [1] notably : the design of PSS 
system, the design and management of associated Business 
Models, or the design and management of process and 
organisations delivering the PSS solutions. As a consequence, 
the specification of generic re-usable and customizable PSS-
oriented modelling languages and frameworks has become a 
key stone of researches in this area [2]. 
The remainder of this paper is organised as follows; 
Section 2 synthesizes briefly the literature advances relating 
to PSS-oriented modelling concepts and requirements. It 
underlines the need for genericity and re-usability (section 2). 
Section 3 elaborates on a first contribution in this perspective, 
which is an iterative meta-modelling method aimed at 
improving the integration and genericity of PSS modelling 
constructs. This modelling method is illustrated by the 
construction of a generic meta-model, specified in section 4. 
Section 5 discusses the application potential. 
© 2016 The Authors. Published by Elsevier B.V This is an open access article under the CC BY-NC-ND license 
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2. PSS modelling requirements and advances  
Hereafter, we put forth the academic advances on PSS 
modelling in 3 complementary contributing fields: the 
specification of PSS ontologies; the management of the 
servitization process; the design of PSS solutions. 
If numerous ontologies have been produced in the field of 
product design as well as several in the field of service design, 
few research works specifically refer to PSS dedicated 
ontologies. Cranfield University has articulated a quite 
exhaustive vision of the concepts related to PSS in a very 
general ontology [3]. These developments include the 
collection of PSS concepts, their definition, then their 
grouping and structuring based on the identification of 
relationships between these concepts. In the same intend of 
generalisation, basic concepts for PSS modelling and design 
are identified in [4], however without deep ontological 
formalisation. Aris et al. [5] went a step further in 
operationalizing the modelling tools, by developing a PSS 
ontology used as a support for a PSS design process. This 
ontology can be used with a purpose of solution exploration, 
in a phase of general design. Rese & al. [6] has also 
developed an operationalization of PSS Business Model 
Ontology, however focusing on the specific issue of 
characterising BM components. Thus, in the current state, 
these ontological developments have been developed for 
specific purposes and have not been integrated as a more 
generic reusable model.  
Secondly, the field of servitisation management provides a 
source of PSS models, built in the perspective of supporting 
the management of BM transformation when a company 
switches to PSS delivery. Most of this modelling works on 
servitisation process reuse existing modelling formalisms, 
with no intention to develop any specifically PSS-oriented 
modelling language. For instance they focus on modelling 
servitisation project phases like [7], or they reuse existing 
models to analyse the performance of a new PSS market offer 
[8]. Nevertheless, some of these research works have 
developed specific PSS modelling formalism. Dahmani and 
al. [9], addressing risk management for Servitisation projects, 
formalises all decision activities of a servitisation project 
covering PSS design, Business Model configuration, and 
Organisational transformations. Chalal et al. [10] formalises 
generic and reusable models, dedicated to simulate the 
industrial performance of PSS oriented production networks 
to cope with capacity related decision-making issues, such as 
human resources. Even if these works provide interesting 
bricks for PSS modelling language, they certainly do not 
cover all the PSS engineering areas, but rather address more 
specific scopes linked to servitization like risk assessment or 
capacity management. 
PSS Design methodologies constitute a third driver of the 
development of PSS modelling languages. This is witnessed 
by the intensive research works published during the past 10 
years, in this area. Several literature surveys were published in 
the recent years, underlying key trends [4], [11], [12], [13]. 
The older state of the art [4] proposes a comparative study of 
8 key design methods developed between 2001 and 2010. 
Their in-depth analysis underlined important conclusions 
concerning PSS-oriented modelling languages. First the 
authors underline a strong lack of standardization among all 
the concepts manipulated with many independent initiatives 
and without a real integration. This results in a lot of models 
and concepts without synthetic view of their overlapping and 
complementarity. As a consequence, they underline a strong 
need of generic and standardized ontological development for 
PSS, which had not been addressed until then. The large 
survey on modelling methods published by [11] provides a 
complementary view. The authors analyse a broad range of 
contributions providing a larger vision of the literature. They 
underline also that there is: (i) no common terminology for 
the design and development of integrated solutions inducing 
strong overlapping of  PSS concepts; (ii) no available 
methodology or framework encompassing all the different 
system elements of PSS Engineering, requiring to further 
develop a multi-disciplinary approach to integrate the 
different perspectives of the system engineering; (iii) and the 
absence of a reference framework and models able to guide in 
the use of the more suitable methods for each context of PSS 
design. Boehm & Thomas [12] analyses a larger literature on 
PSS, covering not only Design Methodologies but also 
Information System and Business Management. However, 
concerning modelling issues their conclusions also underline: 
the needs to converge on a shared conceptual framework on 
PSS; the necessity to articulate in an integrated framework a 
broad range of views and perspectives on PSS; the 
requirements to support concrete implementations of the 
methods. More recently the authors of [13] underline that the 
quite dispersed contributions in Design Modelling Methods 
could be classified in 6 distinct types (excluding issues linked 
to performance models). They also highlight the need of 
multidisciplinary approach, notably by adapting 
methodologies from other disciplines to PSS design. 
All the conclusions of this literature positioning are going 
in the same direction, synthesised with the following key 
points: 
1. Needs to develop a high level and general ontological 
point of view on PSS.  
2. Needs of in-depth analysis of the relationships among all 
PSS modelling concepts (commonality, complementarity) 
and of their completeness with regards to a full vision of 
modelling needs. 
3. Lack of genericity and re-usability and integration of PSS 
modelling concepts in a reference framework. 
4. Requirements for a higher level of standardisation for all 
modelling concepts and models identified, with regards to 
already existing System Design and Enterprise 
Architectures reference models.  
 
The work developed in this paper is articulated with these 
perspectives. However, of course, the results presented below 
do not pretend at all to cover this entire research spectrum: we 
only present a first contribution answering the needs evoked 
in point 3, namely, increase the genericity and re-usability of 
PSS modelling concepts. This is developed through the 
proposal of meta-modelling approach, which will be detailed 
in next sections. 
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3. Proposal of an iterative meta-modelling procedure  
3.1. Extract generic knowledge from several complementary 
industrial case studies 
To answer the needs of building some PSS generic basis 
for PSS modelling, our first proposal consist in considering 
the PSS generic models as a result of an iterative and 
evolutionary modelling process. The genericity of the models 
should be linked to their openness and capacity to be enriched 
progressively. Such enrichment can be based on the iterative 
integration of new knowledge on PSS, coming from new 
industrial experimentations and academic advances.  
In this perspective we have developed an iterative meta-
modelling procedure with the final purpose to formalize a 
generic meta-model (i.e. formalization of a modelling 
language) dedicated to PSS. To proceed iteratively, the 
academic literature input on PSS modelling was used as a 
starting point; however, additionally, the meta-modelling 
procedure also utilized several PSS use cases from different 
manufacturing sectors which generated concrete 
complementary modelling requirements. In fact, each 
industrial use-case provides context-dependent requirements 
for PSS scenario modelling: the requirements are used first to 
generate context-dependent modelling constructs, then to 
integrate these constructs within a more generic PSS-oriented 
meta-model. This incremental meta-model constitutes the 
output of the whole procedure, which is explained in section 
3.2.   
In the current paper, we refer to a version of the PSS-
oriented generic meta-model which was built with reference 
to 3 distinct industrial PSS use-cases, introduced hereafter: 
• Ecobel is a French SME in the field of manufacturing, 
selling and installing shower heads based on an innovative 
technique that allows water savings and protection against 
healthcare diseases (like legionella). These products address a 
market of institutions such as Hospitals, Sport structures, etc. 
Ecobel is planning to adopt a servitization model for its 
offering. Indeed, Ecobel currently develops a classic offer: 
selling only the product consisting of showerhead, along with 
a possible maintenance contract. Its innovation strategy 
intends to put on the market a PSS offer consisting of 
showerheads whose reliability is guaranteed over 5 years, 
with a performance engagement on water consumption 
reduction  
• Automelec is a SME specialized in mechatronics 
systems. The company addresses a specific business market in 
the field of quarry production plant. PSS opportunities 
concern a technical system and services using a laser video 
system to provide services to analyse physical properties of 
extracted stones. The market is characterized by difficulties 
related to the ownership of the product by customers, by 
quality certification required for the product and by the 
possibilities of regulatory development of a new market. The 
main features of the product are to add value in quality 
analysis (in situ and automated) during the material extraction 
process and to improve monitoring of performance indicators.  
• The third company, SFH, is also a SME which has 
developed a new technology making possible the re-use of 
industrial wastes generated by the machining industry, in the 
form of ‘mechanical sludge’. This compacting technology 
makes possible a retreatment of this mechanical sludge in 
order to extract reusable mineral in the form of ‘metal 
bricks’. This technology could be launched on the market 
with a PSS offer: beyond reusing the sludge, additional 
activities and services are required, and thus new actors need 
to get involved in the whole value creation network.  
3.2. Meta-Modelling procedure  
Knowledge is captured from he use cases and formalized 
into meta-models represented in Unified Modelling Language 
(UML). The use of UML is consistent with the need for a 
comprehensive and quite common modelling language.  
Furthermore, UML provides a large set of constructs 
according to an object-oriented paradigm [14] which is 
relevant to the systemic standpoint utilized for the PSS 
modelling.  
The meta-models are enriched gradually with knowledge 
from new use cases by applying so-called ‘evolution patterns’, 
i.e. patterns applicable to proceed to an improvement of the 
meta-model available at a given point of time. Patterns can be 
defined as generic specifications to create solutions suitable 
for a given application problem [15]. Prior to applying 
patterns the following question is addressed ‘which 
knowledge from the use case is omitted from the meta-
model?’ Hence, in case there is some missing knowledge, 
patterns come to fill this gap through answering the question 
of ‘How can such knowledge be included in the meta-model?’ 
These patterns are closely related to the UML formalism and 
allow to increase the genericity and thus the scope of a given 
meta-model. The evolution patterns supports the extension of 
a given use case meta-model to another use case, or to an 
integrated meta-model.  
As such, three main patterns are identified:   
– Generalisation: applied typically when building an 
integrated meta-model based on a use case meta-model. 
– Specialisation: applied typically when extending the 
application of a given use case meta-model to another use 
case. 
– Grouping: applied in the two contexts. The Grouping 
consists in putting together concepts sharing common 
characteristics (e.g. components of the same product, 
services within service package, etc.).     
The gradual enrichment of the meta-models through use 
cases and patterns allows addressing the evolving modelling 
requirements, while capturing domain-specific knowledge 
[16]. The construction of integrated meta-models follows an 
iterative process, described as follows.  
– Build a first meta-model (use case 1 meta-model) 
– For i from 1 to n-1(n is the number of use cases) 
A. Apply the evolution patterns to use case i meta-
model to extend it to use case i+1 
B. Apply the evolution patterns to build an 
integrated meta-model (i,i+1) 
C. Check consistency of the integrated meta-
model (i,i+1) with use case i (cf. Figure 1). 
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Figure 1: Iterative meta-modelling process 
 
This procedure has been applied to the 3 industrial cases 
presented in section 3.1, to finally generate a final meta-model 
(Use Case 3 Meta-Model) presented below. The proposed 
method is consistent with previous research works such as the 
generalized AMME framework (Agile Modelling Method 
Engineering) [16] and Hu et al. [15] who developed a similar 
approach consisting of a selection and refinement phases. The 
selection aims to identify main required concepts based on 
domain specific knowledge. Refinement refers to completing 
and extending the draft meta-model obtained in the first 
phase, by applying meta-modelling patterns and business 
patterns [15]. One distinguishing characteristic of the 
proposed method with regards to [15] is that the instantiation 
is considered as an improvement step of the meta-model, 
enabled through a feedback from the instantiation to the meta-
model. 
4. Contribution to a PSS meta-model 
4.1. Context and purpose of the meta-model 
As explained in the previous section, the meta-model we 
are presenting below has been built on concepts extracted 
from the literature and from PSS uses cases. It has been built 
as a support for a PSS Design Process and as a result of a 
common and shared objective for these various uses cases: the 
necessity to model and evaluate alternative scenarios of PSS 
deployment, to cope with the needs of operational engineering 
of the PSS offer. The offer engineering step has to take into 
account the interaction between the PSS offer and the 
organisational network configured to deliver it. The aim is 
mainly to deal with the problem of configuring the value 
network in charge of delivering the PSS offer. Such modelling 
and evaluation needs constitute a key step of any PSS design 
process, and they take part of the detailed design of the PSS 
solution, when the creative phase of general design has 
already provided first results. The main added value of each 
use-case when building the resulting meta-model is 
underlined in table 1. 
 
 
 
 
Table 1: Uses cases contribution to the meta-model 
Use cases  Decision making context Main added value to the 
meta-model 
Use case 1: an 
SME supplying 
hospitals and local 
communities with 
water-efficient 
products. 
Offer a PSS solution 
based on shower handles 
with a set of services, so 
as to improve traceability 
and allow saving for 
customers.   
Basic PSS ‘components’ 
namely product and service; 
manufacturing activities; 
organisational actors; 
customer demand;  
Use case 2: an 
SME in the 
domain of electrics 
and automation. 
Offer a PSS solution 
based on a ‘part size 
measurement’ system to 
mineral industry so as to 
improve quality control, 
traceability, and 
performance monitoring.  
Specialisation of service; 
Introduction of service 
package, contracts, 
performance evaluation, and 
operators; introduction of 
product group;  
Use case 3: a 
group of SMEs 
comprised of an 
equipment 
provider for steel 
sludge treatment, 
steel makers, and 
steel smelters.  
Recycle steel sludge 
based on shifting to a 
PSS solution consisting 
of sludge compacting 
and briquetting and a set 
of services.   
Specialisation of activity; 
introduction of activity group; 
generalisation of operator and 
organisation actor into 
performer; introduction of the 
‘role’ in scenarios modelling 
(to decouple activities from 
actors); breaking down the 
meta-model into six sub-
models;  
4.2. Overall structure of the meta-model 
As a result of the above meta-modelling approach, the 
subsequent meta-model is composed of six main model types, 
structured in two complementary perspectives. The first 
perspective (PSS structure) reflects the structural dimension 
of the PSS, required to formalise the architecture of the PSS 
offer together with its value creation network. It is comprised 
of 3 model types: 
- The ‘Product Model’, with the objective to represent the 
overall structure of the material part of the PSS. 
- The ‘Service Model’, with the objective to represent the 
intangible components of the PSS offer. 
-  The ‘Organisation Model’, with the objective to describe 
the PSS value creation activities and actors.  
The second perspective (PSS dynamics) correspond to the 
behavioural dimension of the PSS, including the market 
behaviours linked to the offer as well as performance factors 
associated to their organisational capabilities (i.e. value 
creation networks). It is comprised of 3 model types: 
- The ‘Offer Model’, which specifies the market demand, 
along with the combinations of products and services offered 
on the market; 
- The ‘Performance Models’, which states potential indicators 
which could be used for assessment; 
- The ‘Scenario Model’ describing potential configuration of 
the PSS value-creation chain (called scenarios) for which the 
performances could be quantitatively analysed then compared. 
4.3. Meta-Model for PSS structure 
Figure 2 shows the three PSS structure model types namely 
Product, Service and Organisation. The product and service 
models are the backbone of the PSS offering and they need to 
be clearly represented in order to ease the subsequent design 
steps. For PSS offer engineering a rather simple product 
model is useful, to represent basically the bill of materials for 
the technical devices of the PSS offer. 
  
Use Case 1 
Meta-Model
Use Case 2 
Meta-Model
Evolution 
Patterns (A)
Integrated 
Meta-Model 
(A,B)
Evolution 
Patterns (B)
Consistency 
Checking (C)
Use Case 3 
Meta-Model
Evolution 
Patterns (A)
Integrated 
Meta-Model 
(A,B,C)
Evolution 
Patterns (B)Consistency 
Checking (C)
Use Case N 
Meta-Model
Integrated 
Meta-Model 
(1,2,3, …, N)
...
......
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( )
A product represents ‘A manufactured or purchased physical 
component or product, embedded in the material part of the 
PSS’. The service model type offers the possibility to specify 
services and organise them into alternative ‘service packages’ 
associated to product life-cycle. A service is defined here as 
“The intangible result of activities realised by some actor(s) 
with the intention to create and deliver value for some other 
actor(s), resulting in a change of state for this (these) 
actor(s)”. The services offered have to be linked to 
organisational capabilities, through the notion of ‘Service 
delivery activity’. 
Additionally, regulating the collaboration among the actors 
involved in the PSS design is a prerequisite for the design 
process itself. The organisation model type includes the actors 
and the value creation activities contributing to PSS delivery. 
These activities are paramount to subsequent PSS design 
steps, in particular, scenarios configuration and production 
activities can be further specialised into the 3 subtypes: 
‘Manufacturing activity’ required for the production of PSS 
‘Product Items’; ‘Logistic activity’ such as transportation or 
storing; ‘Service delivery activity’ representing any other type 
of service production activity. Production activities structure 
the organisational model: any group of activities (construct 
‘Activity group’) is linked to a product item, and can be taken 
in charge by a performer, either a collective performer 
(‘Organisational actor’ construct) or an individual one 
(‘Operator’ construct). 
2.4. Meta-Model for PSS dynamics 
Figure 3 shows the three PSS dynamics model types 
namely Offer, Scenario and Performance. As a first 
requirement for the analysis of PSS value creation networks, 
the ‘Offer Model Type’ structures the market oriented data 
concerning demands and offers.  Available product and 
services are combined into different PSS offerings. Then, 
these PSS offerings are structured into ‘Contracts’ 
corresponding to customer-provider agreements, elaborated to 
mitigate risks by defining the obligations of the distinct 
stakeholders to each other, including customers. Each 
‘Contract’ can be characterized by the demand law on the 
lifespan considered. 
Secondly, the ‘Performance Model Type’ structures the 
performance dimensions and indicators that will be used to 
measure activities and actors’ performances. The performance 
dimensions selected as pertinent for the assessment of PSS 
scenarios are specified by sets of indicators (‘Performance 
Groups’), which can be assigned to production activities as 
well as organisational roles. These two first model types (i.e. 
Offer and Performance) of the PSS Dynamics perspective are 
used as configuration pools in order to specify alternative 
configurations of the way the PSS solution could be delivered 
to the customer. These alternative configurations constitute 
organisational scenarios: the third model type, ‘Scenario’ is 
the central component of the meta-model. The key construct 
of this model type is the ‘Role’, which represents the set of 
responsibilities for ‘Production Activities’ assigned to any 
performer who contributes to the PSS value creation. These 
‘Production Activities’ responsibilities may concern either 
service or product manufacturing and delivery. A scenario is a 
specific configuration of the PSS value creation network. As 
such, the association of a ‘Scenario Model’ together with an 
‘Offer Model’ and ‘Performance Model’ finally provides a 
well-structured specification of a decision-aid required for 
PSS design, in the form of performance-based comparison of 
alternative organisational scenarios. 
5. Discussion on application fields 
 
As mentioned in section 4.1, the current version of the 
meta-model presented has been built to support a task of 
‘offer engineering’ during a PSS design process. The first 
application of the meta-model is to capture and structure all 
the information required for PSS offer engineering and to 
represent it through qualitative and graphical models. For lack 
of place, this concrete application can be correctly explained 
in the limit of this paper. We suggest to the reader to refer to 
[17]. Applying the meta-model consists in modelling the 
various features of PSS deployment scenarios for a specific 
industrial Use Case. In this objective, two main applicative 
components have been specified and implemented:  
 
1. A modelling platform, which implements the meta-model 
proposed and makes possible for the user to create (using a 
Figure 2: Structure-oriented model types 
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computer-based environment) the six model-types presented 
in the previous sections. 
  
2. A modelling procedure, defined to help the user 
structuring the various modelling phases necessary. The 
modelling procedure requires the intervention of a modelling 
expert, in charge to structure and collect all the information 
required to be captured at industrial experts. 
Complementary, a second important application of the 
meta-model can be derived. To cope with offer engineering, 
quantitative decision-making is necessary: here the meta-
model is used as a ‘conceptual model’ utilized as the basis to 
structure and implement quantitative decision-support-
systems [2].  
6. Conclusion 
Additionally to the various applicative opportunities, this 
meta-modelling work opens lots of interesting scientific 
perspectives. The iterative meta-modelling procedure 
explained in section 3.2 has produced a first meta-model 
which remains fully open for further improvements. This first 
result will of course be improved by additional case studies, 
but a deep scientific work remains also necessary to realise an 
in-depth integration of the various PSS design models 
generated by the academic research, then to look for a higher 
standardisation of the resulting modelling language. 
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